Objectives. Handling characteristics and application modes of resin composites are important factors to achieve proper placement of the restorative materiais. The present study was undertaken to assess the influence of the consistency of composite materials and the mode of application on voids and porosities in Class I adhesive restorations. Methods. One hundred medium-sized Class I preparations with an adhesive design were restored with three composites of various consistencies using three different application modes, The restorations were sectioned, and each section of a restoration was inspected for the presence of voids. The total surface and the percentage of the cavity wall occupied by voids as well as the total number of voids in the sections were recorded. A Krusal-Wallis analysis of variance was carried out on the data. Differences between individual composite materials for each mode of application and between individual application modes for each composite material were analyzed using a Mann-Whitney U-test at p < 0.05. Results. The injection technique with a Hawe Neos Centrix tip was the best mode of application. Both smearing and the condensation of composites appeared to produce unreliable results. Furthermore, there were more problems with voids and wall adaptation for the thickerconsistency composite than for the medium-and thin-consistency material. Significance, The thick-consistency composite had more problems related to voids and wall adaptation than the medium-and thinconsistency composites.
INTRODUCTION
One of the factors that influences the clinical performance of a posterior composite restoration is the application procedure the dentist uses. Proper handling of dental adhesives and composites contributes to successful bonding of the restoration and should ideally lead to a restoration with perfect wall adaptation that is free of porosities and voids. According to Feilzer et a l (1993) , the presence of porosity in a composite material introduced by the mixing procedure can help to reduce th e stress caused by polym erization sh rin k a g e. However, most studies consider the presence of voids a n d porosities as disadvantageous for the restoration. First, voids at the margins of the restoration may lead to gross microleakage and discoloration. Second, the initial stress concentration around voids will result in a lower resistance to fatigue and increased wear (O'Brien and Yee, 1980; Leinfelder and Roberson, 1983; McCabe and Ogden, 1987) . Third, voids between successive increments of a composite will have a negative effect on th e flexural strength of the material (Huysmans et al., 1996) . There are various ways to apply a posterior composite in the cavity The dentist can take a volume of composite from the syringe and apply it directly into the cavity with a hancl instrument or the composite can be injected into the cavity from a preloaded tip. The injection technique will reduce th e amount of porosity in the restoration for both chemical-curing* and light-curing m aterials (Finger and Jorgensen, 1977; Medlock et al., 1985) . Especially with light-curing composites, the presence of large voids can be eliminated by injecting th e material (Medlock et al., 1985) . Extensive m anipulation o f composites in the cavity w ill further increase the presence o f porosity (Hansen andAsmussen, 1989; Ironside and Maldnson, 1993) . Chadwick et a l (1989) found differences w ith respect to p orosities b e tw e e n co m p o site r e sto r a tio n s u s in g a condensation technique or a smearing technique. Van Dijken •.'.VVi.T-x.rX.-'-v.V ' >r , , -v. l i i l i ä S ? : S : a s ® i i i i i i « * i i i M 
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MATERIALS AND METHODS
Three composites were selected, as given in Table 1 gently air-dried and cured for 20 s with a visible light-curing unit intensity 400 mW/cm2 (Translux, Kulzer, Wehrheim, Germany).The cavities were filled in two layers, and each layer was cured indirectly through the tooth for 30 s, followed by an additional cure from the occlusal for another 30 s (Pig. 2). The resin composite materials were inserted into the cavity according to the following protocols: Injection technique. After loading a Centrix tip (Hawe Neos, Bioggio, Switzerland) with the composite, the material was injected into the cavity with a composite delivery gun (Caulk-DeTrey Dentsply, Konstanz, Germany). The tip was placed on the cavity floor when filling the cavity After insertion of each layer, the tip was wiped off along the cavity margin to cut off the composite, and the layer was carefully molded in the desired shape with a hand instrument (Ash 49, Dentsply Ash Instruments Division, Weybridge, UK). The outer diameter at the end of the Hawe Neos Centrix tip was measured as 1.9 mm. Herculite XRV was injected into the cavity with a Hawe Neos tip in one group and with the commercially available Unidose tip in another group. The outer diameter at the end of the Unidose tip was measured as 2.8 mm.
Smeaiing technique. With a hand instrument (Ash 6), the amount of composite required for each layer was taken from the syringe and directly placed into the cavity by wiping the material at the cavity wall. The composite layer was further contoured and carefully molded in the desired shape with an Ash 49, Condensation technique. As in the smeaiing technique, the amount of composite required for each layer was taken from the syringe using a hand instrument (Ash 6) and placed directly into the cavity Then each layer of composite was condensed into the cavity with an instrument (Ash 49). The action of condensation, in which the instrument was pressed into the composite, was applied ten times to each layer.
The various insertion techniques and composites resulted in 10 different combinations (Table 1) 
RESULTS
Microscopic inspection of the composite taken from the syringes and preloaded tip showed that each brand of material w a s free of porosities. From the restorations made in this study, a total of 370 sections were available for inspection. The resu lts for void surface area, wall void length, and number of voids (m ea n and standard deviation) are presented in Table 2 . The r e su lts for the three application modes are shown in Fig. 3 . T h e Krusal-Wallis analysis of variance, carried out on the d a ta for m aterials as w ell as for application m ethods in d ic a te d significant differences between groups for both aspects. T he statistically significant differences b etw een in d iv id u a l composite materials for each mode of application and b etw een individual application modes for each composite m aterial are presented in Table 2 .
Considering the void surface area related to the m o d e of application, the injection method using the Hawe C entrix tip produced the best results for all composites, although th e difference between Herculite injected and Herculite ap p lied with a smearing technique was not statistically significant. T h e smearing technique resulted in the largest void surface a r e a for the medium-and thin-consistency composites (P50 a n d ClearEl Ray Posterior). The use of the Unidose tip for injecting the thick-consistency composite (Herculite X R V -U nidose) resulted in a significantly larger void surface area than w h e n the same material was injected with the Hawe Neos C en trix tip (Herculite XRV). As for the void surface area related to th e composite material, the smearing technique as w ell as th e condensing technique provided the best results w ith th e m edium -consistency m aterial (C learfil Ray P o ste r io r ), although the difference b etw een P-50 and Clearfil R a y Posterior applied by smearing was not statistically significant. Tire thick-consistency composite (Herculite XRV) had th e largest relative void surface area w ith the injection as w e ll as the condensing technique. ' ff. K . fí. , ? (, ,v^ 
DISCUSSION

For the wall void length, the injection technique had the best resu lts w h en u sin g th in -con sisten cy and raediumconsistency m aterials (P-50 and Clearfil Ray Posterior).
Injecting the thick-consistency composite w ith the Unidose tip (Herculite XRV) resulted in more voids along the cavity wall compared to the same composite material injected with the Hawe N eos Centrix tip. The thick-consistency composite had the highest prevalence of voids along the cavity wall, whereas no statistical differences were found between the medium-and thin-consistency material.
In rela tion to the mode of application, the lowest number of voids was found for the injection technique and the highest number of voids for the condensation technique, although the difference betw een injected and condensed Cleariil Ray Posterior was not statistically significant. In relation to the composite material, the thick-consistency composite Herculite had the h ig h est num ber of voids w ith each of the three techniques. The thin-consistency and medium-consistency O p d am eiai, 1993) . S m e a r in g r e s u lte d in few er but larger voids th a n condensation, especially for the thin-consistency and mediumconsistency composites. D ue to the smearing action, air is entrapped in the restorative material. The large standard d ev ia tio n for th e sm earin g technique indicates th at the resu lts w ith this technique are highly unpredictable for each com posite used in this study Condensation of the composite appeared to elim inate some of the air present in the material and resulted in improved w all adaptation compared with the sm earing technique. However, the number of voids increased, w h ic h can be exp lain ed by the fact that the exten sive manipulation during condensation will spread the air through the material. The results of the present study are not in accordance with the study by Chadwick e ta l (1989).Theyfound fewer smaller-sized porosities in restorations made w ith a smearing technique than w ith a condensation technique. This may be due to the differences in the application techniques as well as the cylindrical shape of the metal molds used in their study.
The differences between the thin-consistency and mediumconsistency composites were negligible most of the time and smaller than between these materials and the high-consistency composite. However, the m edium -consistency com posite performed better than the thin-consistency composite when using the smearing and condensation techniques, although only for the condensation technique was the difference in void surface area sta tistic a lly sign ifican t. Such tech n iq u es exten sively use hand in stru m en ts, and other m aterial characteristics related to the contact between the composite and instrument, such as stidriness, maybe responsible for these fin d in g s. A n oth er e x p la n a tio n m ay be th e m ed iu mconsistency of Clearfil Ray Posterior, w hich m akes th is material more suitable for these techniques than the thinconsistency P50.
From th is study, it can be concluded th a t a thickconsistency composite produces more voids and imperfect wall adaptation than composites of thin-and medium-consistency whatever application mode is used. Evidently, there is a critical consistency for a composite to allow proper wetting of the cavity Furthermore, the inj ection technique was found to be the best way to fill a cavity with resin composite under the condition that the design of the tip allows good access to the deepest part of the cavity Manufacturers should carefully design the tip when they introduce their material in preloaded tips.
